autumn flowering, precipitation and temperature of plant species of Mediterranean coastal shrublands have been described, but not analysed experimentally. These relationships were analysed for two species of co-occurring, dominant, autumn-flowering shrubs, Globularia alypum and Erica multiflora, over 4 years and in experimentally generated drought and warming conditions. The aim was to improve predictions about the responses and adaptations of flowering of Mediterranean vegetation to climate change. † Methods Beginning of anthesis and date of maximum flowering intensity ('peak date') were monitored over 4 years (2001 -2004) on a garrigue land type in the noth-east of the Iberian Peninsula. Two experimental treatments were applied, increased temperature (þ0 . 738C) and reduced soil moisture ( -17%) relative to untreated plots. † Key Results Flowering of Globularia alypum and Erica multiflora differed greatly between years depending on the precipitation of the previous months and the date of the last substantial rainfall (.10 mm). Globularia alypum flowered once or twice (unimodal or bimodal) as the result of differences in the distribution and magnitude of precipitation in late-spring and summer (when floral buds develop). The drought treatment delayed and decreased flowering of Globularia alypum in 2001 and delayed flowering in 2002. Warming extended the period between the beginning of flowering and the end of the second peak for autumn flowering in 2001 and also increased peak intensity in 2002. Flowering of Erica multiflora was unaffected by either treatment. † Conclusions Autumn flowering of Globularia alypum and Erica multiflora is more dependent on water availability than on temperature. Considerable inter-annual plasticity in the beginning of anthesis and peak date and on unimodal or bimodal flowering constitutes a 'safe strategy' for both species in relation to varying precipitation and temperature. However, severe changes in precipitation in spring and summer may severely affect flowering of Globularia alypum but not Erica multiflora, thus affecting development/structure of the ecosystem if such conditions persist.
INTRODUCTION
The study of plant phenology (the timing of life cycle stages) is important in understanding responses of vegetation to climate change; improved knowledge of the geographical distribution of the timing of phenological phases and their relationship to climate will improve predictions of the effects (Schwartz, 1999; Kramer et al., 2000; Peñuelas and Filella, 2001; Hollister et al., 2005; Menzel et al., 2006) . Studies based on long phenological series, supported by field-based surveys or satellite remote sensing, have shown that phenophases (budding, leafing, flowering) are particularly sensitive to temperature and that they have been occurring progressively earlier in Europe in the last century (Menzel, 2000; Osborne et al., 2000; Rötzer and Chmielwski, 2001; Ahas et al., 2002; Walther et al., 2002; Parmesan and Yohe, 2003; Gordo and Sanz, 2005; Piao et al., 2006; Schwartz et al., 2006) . It has been reported that an increase of 1 . 48C in the last five decades has advanced leaf unfolding by up to 16 d at a Mediterranean site in Catalonia (Peñuelas et al., 2002) . Recently, Menzel et al. (2006) reported an average advancement of spring/summer events (bud-bursting, flowering and fruiting) of 2 . 5 d per decade for the whole of Europe. Fewer studies have focused on plant processes occurring in autumn, so the relationships between environmental conditions and changes in phenophases occurring then are not as clear nor as well known as those in spring. There is some evidence of later onset of autumn phenological phases but there is no general agreement about the patterns (Menzel and Fabian, 1999; Menzel, 2000; Peñuelas et al., 2002; Walther et al., 2002; Chen et al., 2005; Gordo and Sanz, 2005) .
The climate of the Western Mediterranean region is characterized by a pronounced seasonality: hot, dry summers, cool winters and mild, rainy springs and autumns. Species grow and flower mainly in spring, thus avoiding winter cold and summer drought. Rather exceptionally for Mediterranean shrubland communities, Globularia alypum and Erica multiflora, which are co-occurring dominant species in some coastal Mediterranean shrublands, grow and flower (Llorens and Peñuelas, 2005) in the autumn (Orshan, 1989; Castro-Díez and Montserrat-Martí, 1998; Picó and Retana, 2001; Tèbar et al., 2004) . Observational and experimental studies of Mediterranean plants have shown that environmental control of non-spring flowering is variable, with temperature being one of the most important factors (Nilsen and Muller, 1981; Picó and Retana, 2001, Peñuelas et al., 2002; Jato et al., 2004; Ogaya and Peñuelas, 2004) . Restricted water availability is another important factor associated with delayed flowering and decreased flower and fruit production (Gordon et al., 1999; Ogaya and Peñuelas, 2004; Peñuelas et al., 2004a, b; Llorens and Peñuelas, 2005; Giménez-Benavides et al., 2007) .
Understanding what controls the phenology of vegetation is essential in trying to understand possible future changes in relation to changing weather and climate. General conclusions of most of the general circulation models (GCMs) are that, over this century, mean global surface temperature will increase by 1 . 1-6 . 48C, depending on the socio-economic scenarios and the resulting emissions of greenhouse gases (IPCC, 2007) . Models also predict decreased rainfall and increased variability in its distribution (De Luís et al., 2001) . Although there is no general agreement regarding the future amounts and timing of precipitation in the Mediterranean area, plant communities are likely to be greatly affected by the increased potential evapotranspiration linked to warming (Le Houérou, 1996; Piñol et al., 1998) . These expected climatic changes may pose particular problems for plants with growth (e.g. leaf appearance) and reproduction (e.g. flowering) triggered by environmental conditions such as temperature or water availability. Such conditions act as cues that regulate plant growth and development, and specifically may critically affect plant reproduction and flowering 2001; Peñuelas et al., 2004a; Llorens and Peñuelas, 2005; Sherry et al., 2007) .
Flowering responses to climate change seem to be species-specific since co-existing species may have different environmental constraints (Peñuelas et al., 2002; Ogaya and Peñuelas, 2004; Llorens and Peñuelas, 2005) . The consequences of a change (advance or delay) of flowering phenology might be a decoupling of species interactions, such as between plants and their pollinators, altered competitive relationships and different abundance ranges of species, for example by changed seedling recruitment (Bond, 1995; Gordo and Sanz, 2005) . Together, all these readjustments may lead to important changes in the structure, composition and functioning of the ecosystem (Peñuelas and Filella, 2001; Hollister et al., 2005) and therefore changes in phenological processes may have huge socio-economic consequences around the world.
The aims of this study were (1) to quantify the flowering of two common Mediterranean species that flower in autumn, Globularia alypum and Erica multiflora, in relation to environmental conditions, (2) to explain the relationships between flowering phenology and environmental conditions that vary between years (mostly precipitation), and (3) to study the responses to experimental field warming and drought that simulate future climate conditions forecasted by GCMs and ecophysiological models (IPCC, 2001 (IPCC, , 2007 Peñuelas et al., 2005) . We hypothesized: (a) that the beginning of anthesis and date of maximum flowering intensity ( peak date) will vary between years according to the precipitation, since these phenophases occur after the summer drought and therefore under water deficit conditions; and (b) that flowering would be delayed and/or the intensity of the flowering peak would be reduced in response to projected future drier conditions, especially in Globularia alypum, which begins to flower in late-summer, and warming would enhance flowering, especially in Erica multiflora, which flowers later than Globularia alypum, in wet and colder periods.
MATERIALS AND METHODS

Study site and plant species
The study was carried out in a dry calcareous shrubland (Rosmarino-Ericion) in the Garraf Natural Park in North-East Spain (41818 0 N, 1849 0 E), at 210 m asl. Precipitation during the 4 years of the study (2001) (2002) (2003) (2004) showed great inter-annual variability, from 458 mm in 2001 to 956 mm in 2002, but the distribution throughout the year was typically Mediterranean, with spring, and especially autumn, rains (Fig 1) . The driest periods were June, July and August, which together had an average of 80 mm precipitation, and January, with 20 mm. Temperature variation through the year was typically Mediterranean, with moderately cold winters and hot summers. The mean average annual air The site is a south-facing slope in abandoned old field terraces. The substrate consists of limestone and marls, with a many rock outcrops. In summer 1982 and spring 1994 the area suffered severe fires that destroyed Pinus halepensis forest and converted it into a garrigue (uncultivated land of a calcareous soil overgrown with low scrub). The dominant species are Erica multiflora L. and Globularia alypum L. Both are re-sprouter shrubs, distributed in dry calcareous and rocky places in the Mediterranean Basin (Bolòs and Vigo, 1995) . Pinus halepensis was reintroduced by seeding after the last fire and is gaining dominance. Other common species are Dorycnium pentaphyllum, Pistacia lentiscus, Rosmarinus officinalis, Fumana ericoides, Fumana thymifolia and Helianthemum syriacum. The plant community has an average annual above-ground net primary productivity of 160 g m 22 (Peñuelas et al., 2007) and the plant cover in 2005 reached 75%.
Experimental treatments
Three separated experimental treatments were imposed, field-scale night-time warming, drought and control, and the response to warming and drought were compared separately (no interaction plots) to the response of control plots. Plots were 4 Â 5 m 2 , allowing for a buffer strip of 0 . 5 m at the perimeter. Each treatment was replicated three times, giving a total of nine plots (three warming, three drought and three controls; see Appendix). The experimental treatments were applied continuously from 1999 to 2005, although this paper presents only results from 2001 -2004.
Drought treatment. The drought treatment was applied for 2 -3 month periods during the spring and autumn growing seasons by covering the vegetation with waterproof, transparent covers. For the rest of the year the plots were not protected from rain. The drought plots were set up similarly to the warming plots (see below) except that the curtain material was a transparent plastic and that the movement of the curtains was governed only by rain and wind. When the drought treatment was in operation, rain sensors activated the curtains to cover the plots whenever it rained and removed the curtains when the rain stopped. The curtains were removed automatically when the wind speed exceeded 10 m s 21 .
Warming treatment. The warming treatment consisted of covering the vegetation during the night time with reflective aluminium foil curtains (ILS ALU, AB Ludvig Svensson, Sweden; Beier et al., 2004) . Solar energy warms plots during the day and a fraction of the energy is re-radiated back to the atmosphere at night as longwave infrared (IR) radiation; covering reduced the loss of IR radiation. The curtains reflected 97% of the direct and 96% of the diffuse radiation from the vegetation to the night sky. Light scaffolding carrying the reflective aluminium curtain was arranged around the plots in the warming treatment. The plots were covered automatically when solar radiation was less than 0 . 4 Wm
22
. The curtains were removed automatically if wind speed exceeded 10 m s 21 (Beier et al., 2004) . In order to avoid influencing the hydrological cycle, rain sensors trigger the automatic removal of the covers when it rained at night.
This method had the advantage that unintended edge effects and artifacts were minimized. Measurements of curtain movements, temperature, precipitation, water input into the plots, radiation balance during the treatment periods, relative humidity and wind speed showed that edge effects on the temperature increase, as well as unintended effects on wind and moisture conditions, were minimal. Since night-time warming involves leaving the plots open during the daytime, the effect on radiation incident on the plots was negligible (Beier et al., 2004) .
Untreated controls. Three untreated control plots were set up for comparison, with similar light scaffolding as for the warming and drought treatments, but without any curtains.
Environmental conditions were monitored in all plots. Precipitation within the plots was measured using three water collectors. Soil moisture was also measured weekly by means of three time domain reflectometry (TDR) probes installed per plot. Air (þ20 cm) and soil temperatures (at 5 and 10 cm depth) and the functioning of the treatments (curtain closure and removal detected by magnetic sensors) were recorded (Campbell Scientific Datalogger, Logan, UT, USA).
Data collection and analysis
The timing of the autumn flowering of Erica multiflora and Globularia alypum was monitored from observations made biweekly during the less active flowering period and weekly during the most active flowering period, over four consecutive years (2001 -2004) . From four to 12 Erica multiflora plants and 11 -15 Globularia alypum plants were monitored in each plot. For each plant the current flowering percentage was estimated as the amount of functional flowers (live flowers with at least a petal and stamen) relative to the maximum flowering potential, defined as the number of new shoots where flower heads can develop. Four flowering categories were categorized depending on the percentage of shoots with functional flowers: 1 (1 -25%), 2 (26 -50%), 3 (51 -75%) and 4 (76 -100%). The percentage of branches with functional flowers per plot for each census occasion was computed as the mean of the values of all plants in the plot. This procedure was followed until no new flowers opened. Three traits were used to characterize the flowering process: beginning date (date at which flowering was greater than 1%), peak date (date when flowering per plot reached its maximum intensity), and the intensity of the peak.
Statistical analyses
All the statistical analyses were performed using one value per plot, obtained from averaging the plants measured per plot. Drought and warming treatments were always compared separately with controls. Data values expressed as percentage were arcsine-square-root transformed to homogenize variances. Repeated measures (RM-) ANOVAs were conducted to test inter-annual differences in the beginning and peak dates and intensities in control plots and also to check the global effects of the warming or drought treatments on flowering. ANOVAs were used to test potential effects of the treatments on the peak intensity. Post-hoc (Fisher PLSD) tests were performed for comparisons between years for each species. Survival analyses were used to test differences in the beginning and peak dates between treatments and controls. Survival time was defined as the number of days from January 1 until the beginning of flowering or the peak day occurred. The Kaplan -Meier non-parametric method was used for the computation of survival curves and log-rank (MantelCox) statistics to test for differences between treatments and controls. Drought and warming curves were always compared separately with controls. Correlation analyses were conducted in order to examine the relationship of the accumulated precipitation and the average temperature (from different periods prior to flowering) with the flowering traits. In addition, the relationship was tested with the date when the last important rain event (.10 mm in less than 36 h) just before the peak date took place, since this threshold has been shown to be the most significant. In the exploratory analyses, correlations with other environmental variables such as soil moisture and minimum, maximum and average temperatures were tested. The strongest correlations were between flowering and accumulated precipitation, which seemed to integrate water availability better than weekly soil moisture measurements at this semiarid site with high evaporative demand. Because of this, only correlations of flowering with precipitation are given. The analyses were conducted with treatment mean values, and therefore with values having known associated variance. Thus a model II regression by means of the reduced major axis method was used (Sokal and Rohlf, 1995) . For Globularia alypum, in cases of bimodal flowering pattern, we always used the most prolific peak (the second one in 2001 and the first one in 2003). Survival analyses, ANOVAs, Fisher PLSD tests, RM-ANOVAs, and correlation and regression analyses were performed using the Statview software package (Abacus Concepts Inc., Cary, NC, USA).
RESULTS
Environmental conditions
The drought treatment reduced mean annual soil moisture by an average of 17% with respect to control plots (2001-2004 period) . But this effect varied between periods and years (Table 1) . During the period of flower development (spring and summer), the soil moisture in drought plots was reduced by an average of 19% compared to control plots, although in 2001 the reduction was 32% (Table 1 ). The average soil moisture both in summer and the whole spring -summer periods varied significantly between years (P , 0 . 001). The experimental drought reduced (but not significantly; P ¼ 0 . 11) the average soil moisture in the spring -summer period ( Table 1 ). The warming treatment did not affect soil moisture.
Covering at night warmed the plots, increasing mean air temperature through the year by an average of 0 . 738C compared to control plots. The increase was greater for soil mean temperature (0 . 98C), and especially for the minimum temperature (1 . 58C). The drought treatment did not affect the mean or minimum air temperature, or the soil temperature.
Characterization of the flowering and treatment effects
Globularia alypum presented two flowering patterns depending on the year (Figs 2 and 3) . In 2001 and 2003 two peaks occurred, whereas in 2002 and 2004 only one peak was noted. Flowering in this species varied significantly between years (RM-ANOVA: beginning and first peak date, P , 0 . 0001; first peak intensity, P ¼ 0 . 01; second peak date, P ¼ 0 . 0002; Table 2 ) and correlated with precipitation, as described below.
Drought treatment affected the flowering of Globularia alypum in 2001 (RM-ANOVA: P ¼ 0 . 004). The intensity of the first peak was reduced by 13% (ANOVA: P ¼ 0 . 03) and drier conditions retarded the second peak by almost 10 d (Log-rank: P ¼ 0 . 02; Fig. 3 ). Imposed drought also tended to increase the percentage of open flowers at the end of the flowering period (ANOVA: P ¼ 0 . 09; Fig. 3 ). In the next 3 years that were monitored, appearance of the earlier open flowers of Globularia alypum was delayed by 11 d in 2002 (Log-rank: P ¼ 0 . 06; Fig. 3 ). In the warming plots, the period between the beginning of flowering and the end of the second peak was longer (ANOVA: P ¼ 0 . 04) in 2001: that included reduced flowering at the end of the late-summer peak and enhanced flowering at the end of the autumn peak. In 2002, an increased peak intensity of 6% was marginally significant (ANOVA: P ¼ 0 . 06; Fig. 3) .
Erica multiflora flowered with a single peak only once each year throughout the 4 years; Figs 2 and 4) . The mean dates of the onset of flowering and the peak differed significantly between years (RM-ANOVA: P , 0 . 0001; earlier than in other years. Peak intensity was about 56% and did not vary between years (Table 2) . For Erica multiflora neither drought nor warming treatments affected flowering (Fig. 4) .
Rainfall and flowering
The beginning of flowering and peak date for both species varied synchronously within years (beginning: R 2 ¼ 0 . 68, P ¼ 0 . 001; peak: R 2 ¼ 0 . 52, P ¼ 0 . 008; Fig 5) , indicating that flowering in both is similarly affected by environmental variables. Precipitation was more closely correlated with flowering than was temperature. There was a significant, negative relationship between the beginning date of Globularia alypum and Erica multiflora and the accumulated precipitation in June -July (R 2 ¼ 0 . 36, P , 0 . 04) and June -July -August (R 2 ¼ 0 . 52, P ¼ 0 . 008), respectively (Fig. 6 ).
There were also negative correlations between the peak dates for Globularia alypum and Erica multiflora and the accumulated precipitation in June -July -August (R 2 ¼ 0 . 36, P ¼ 0 . 04 and R 2 ¼ 0 . 85, P , 0 . 0001, respectively; Fig. 6 ). A significant, positive relationship was found between the peak intensity of Globularia alypum and the accumulated precipitation in June (R 2 ¼ 0 . 39, P ¼ 0 . 03; Fig. 6 ). The peak intensity for Erica multiflora correlated with the accumulated precipitation in June and July (R 2 ¼ 0 . 25, P ¼ 0 . 096; Fig. 6 ). Control of the peak date for both species by precipitation was also manifested in the significant relationship between the peak date and the date of the last rain (.10 mm) before peak date (Globularia alypum, R 2 ¼0 . 94, P , 0 . 0001; Erica multiflora, R 2 ¼0 . 64, P , 0 . 02; Fig. 7 ).
DISCUSSION
Synchronization of flowering for Globularia alypum and Erica multiflora was similar between years, suggesting that they were influenced in the same way by the environment (Fig. 5) . As described for other species in the Iberian Peninsula (Peñuelas et al., 2004a) , advanced and increased flowering was found in response to increased precipitation during the preceding months (Fig. 6) . The results show that the date of maximum flowering intensity of both species responded to rainfall, in particular for Globularia alypum, which uses water less conservatively than Erica multiflora (Llorens et al., 2003) . Our findings agree with those of Llorens and Peñuelas (2005) regarding the important role of water availability in determining year-to-year shifts in flowering for these species. Precipitation was found to trigger anthesis and synchronization of flowering of trees and shrubs in a tropical forest in Costa Rica that undergoes periods of drought (Opler et al., 1976 ). An opportunistic response to water availability has been considered the simplest explanation for patterns at sites where water is seasonally limiting and it is considered a 'safe strategy' for the control of flowering (Friedel et al., 1993; Castro-Díez and Montserrat-Martí, 1998; Corlett and Lafrankie, 1998) . Besides the inter-annual variability in the beginning and peak date, Globularia alypum flowered once or twice, depending on the year (Figs 2 and 3) . Multiple flowering patterns have also been described for other species (Opler et al., 1976; Picó and Retana, 2001) and it has been considered an adaptive response to the unpredictability of drought intensity and duration (Llorens and Peñuelas, 2005) . The majority of the flower buds of Globularia alypum develop in late-spring and early summer, in the apex of new shoots. In years such 2002 and 2004, with relatively wet springs and summers (Figs 1 and 2) , flower buds opened in a single and large peak in late-summer or autumn (Fig. 3) , after the long dry period, rain in early summer released only a small fraction of the floral head buds, which corresponded with the late-summer peak. This increase in water availability was probably insufficient and later rains (24 mm collected on day-of-year 265) were needed to stimulate a second peak in autumn, which was bigger than the first peak (Fig. 2) . In 2003, extended drought periods caused high mortality of new shoots and consequently of flower buds ( pers. obs.), which resulted in the diminution of the first peak in late summer. In this year, other flower-head buds were formed on top of shoots grown in autumn and these opened in a second peak in winter. Conversely, flower buds of Erica multiflora appeared in August-September and flowers opened gradually in autumn or even in winter in a single and lengthened peak, independent of the meteorological conditions (Fig. 4) . The unimodal flowering pattern and the lack of inter-annual variability in the peak intensity in Erica multiflora may be linked with its conservative use of water (Llorens et al., 2003) , a strategy that allows this species to maintain higher water potentials, and thus more continuous activity. Some significant changes were detected in the flowering process in droughted plots, which were manifested as delays in the beginning of flowering and peak date, and reductions in the peak intensity. But, as observed in other studies with Mediterranean species, the effects were clearly species-specific and depended on the conditions in each year (Ogaya and Peñuelas, 2004; Peñuelas et al., 2004a; Llorens and Peñuelas, 2005) . In spite of the clear relationship between the timing of flowering and water availability, drought treatment did not have global effects throughout the 4 years. Erica multiflora was unaffected by drought, which significantly affected flowering of Globularia alypum in 2001. In that year, the reduced peak intensity in flowering of Globularia alypum with drought was followed by an increased percentage of functional flowers at the end of the flowering period (when the drought treatment had ceased). This suggests a great ability of Globularia alypum to flower in favourable periods (mostly linked to water availability). The effects of drought in our study agreed with those of a study in 1999 and 2000 (Peñuelas et al., 2004a, Llorens and Peñuelas, 2005) . More marked changes in flowering for this species were found during the first 3 years of experimentation (1999) (2000) (2001) , probably related to a combination of the particular environmental conditions of each year and the higher effect of the drought treatment on soil moisture during the first 3 years (29% soil moisture decrease vs. 14% decrease in [2002] [2003] [2004] . The apparent paradox involving the significant relationships between flowering and water availability and the absence of a significant effect of our experimental drought treatment on flowering of Erica multiflora may be explained by the natural inter-annual variability of soil moisture in the summer and spring-summer periods being greater than the reduction of soil moisture in droughted plots (Table 1) . Moreover, in most years the autumn drought treatment started after the late-summer rains.
Complementary studies at a community level showed that after 7 years of experimental drought, neither biomass accumulation nor the relative abundances of Globularia alypum and Erica multiflora were negatively affected (Prieto, 2007) . In fact, Globularia alypum seems to have a competitive advantage over co-existing species. Drier conditions may not reduce the capacity of established plants to re-sprout but they may affect the recruitment of young plants. In 2001, when flowering of Globularia alypum was delayed by the drought treatment, there was also a reduction in its seedling recruitment, probably due to a reduction in pollinators, injuries caused by late frost, and indirect effects on germination and survival (Peñuelas et al., 2004a) . Longer-term studies are required in order to better understand the potential effects of drought on the features Mediterranean shrublands, and the future distribution of these species.
Many observational studies have reported advancements in flowering phenology as a consequence of increased temperatures (Farnsworth et al., 1995; Suzuki and Kudo, 1997; Menzel and Fabian, 1999; Sandvik and Totland, 2000; Abu-Asab et al., 2001; Peñuelas and Filella, 2001; Fitter and Fitter, 2002; Walther et al., 2002; Sherry et al., 2007). Peñuelas et al. (2002) estimated that plants in the Mediterranean region flowered on average 6 d earlier than in 1952. However, the warming effect on flowering seems to be species-specific (Peñuelas and Filella, 2001; Peñuelas et al., 2002) , and moreover depends on the local and regional variability of climatic conditions (Kudo and Suzuki, 2003) , the life form (Farnsworth et al., 1995) , the time when it occurs and the specificities of the environmental conditions occurring at each moment of the year (Fitter and Fitter, 2002; Gordo and Sanz, 2005; Sherry et al., 2007) . In the present study, the flowering of neither species was very sensitive to increased temperatures (only slight responses of Globularia alypum); this can be considered as a reasonable result because the flower-head buds of Globularia alypum appear in late-spring/summer and the flower buds of Erica multiflora in late summer, in both cases when temperatures are high, and because the warming treatment only increased the temperature by 0 . 738C, which was lower than other experimental studies (see the TERACC website for all warming experiments: http://www.umaine.edu/teracc/). Previous studies have shown that the timing of vegetative growth of Erica multiflora is very responsive to increased temperature (Peñuelas et al., 2004b (Peñuelas et al., , 2007 Prieto, 2007) . However, this process takes place in late-winter and spring when temperatures are lower and thus the warming treatment alleviates them. In addition, we did find any negative effects of the warming treatment due to accentuated summer temperatures and drought in either of the studied species. In summary, our results show that the beginning of anthesis and the peak date (date of maximum flowering intensity) vary in these two species depending on the precipitation during the preceding months and the date of the last rainfall (.10 mm), especially in Globularia alypum. The plasticity in flowering of this species in response to water availability was also reflected in its multiple flowering patterns. The results suggest that precipitationdependent autumn flowering is a safe strategy for both species when faced with unpredictable water availability in the Mediterranean area. However, extreme changes in rainfall patterns in spring and summer may seriously affect the phenology of flowering of Globularia alypum, whereas the phenology of Erica multiflora seems much less sensitive. 
